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htticense.Abstract A sensitive gas chromatographic method has been developed for the determination of
malathion and lambda-cyhalothrin (k-cyhalothrin) insecticide residues in zucchini. The developed
method consists of extraction with acetone, puriﬁcation and partitioning with methylene chloride,
column chromatographic clean-up, and ﬁnally capillary gas chromatographic determination of the
insecticides. The recoveries of method were greater than 90% and limit of determination was
0.001 ppm for both insecticides. The method was applied to determine residues and the rate of dis-
appearance of malathion and k-cyhalothrin from fruits of zucchini (open ﬁeld treatment, 50 cc of
Malason/Cormandel 57% EC (emulsiﬁable concentrate) for 100 L of water, 20 cc of LAMBDA
SUPER FOG 5% liquid for 100 L of water). The insecticide incorporated into the plants decreased
rapidly with a half-life time around 0.77 day (18.5h) for malathion and 4 days for k-cyhalothrin. It
is not recommended to use zucchini before 12 h of malathion application. For k-cyhalothrin, the
preharvest interval is 5 days. Four market samples were chosen from different regions from
A.R.E. and all of them showed no residues of malathion or k-cyhalothrin.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Pharmacy, Cairo University.
Open access under CC BY-NC-ND license.1. Introduction
Pesticides are used on a large scale for agricultural purposes.
The adverse effects of pesticides on both human health and02)01005856580.
om (H.H. Monir).
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p://dx.doi.org/10.1016/j.bfopcu.201the environment are a matter of public concern. Thus both
the actual state and residue levels of pesticides in agricultural
products should be extensively monitored. One of the most
commonly used class of pesticides is the insecticides, which
are used for prevention and treatment of several insect infec-
tions. Of the commonly used insecticides in Egypt are mala-
thion and lambda-cyhalothrin (k-cyhalothrin).
Malathion, diethy [(dimethoxythiophosphinothioyl)thio]butane-
dioate is a non-systemic insecticide. This insecticide is cholinesterase
enzyme inhibitor, acts by the inhibition of this enzyme in the insects’
body.1Malathion is effective in controllingmany insects such as leaf-
eating caterpillars, thrips, cockchafer larvae, cutworms, etc. in a range
of crops including vegetables, fruits, maize, sugar cane, sugar beet,aculty of Pharmacy, Cairo University.
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[1a(S
*),3a(Z)]-(±)-cyano(3-phenoxyphenyl)methyl-3-(2-chloro-3,3,3-
triﬂuoro-1-propenyl)2,2-dimethylcyclopropanecarboxylate is a mix-
ture of highly active isomers of cyclothrin.2 It is a non-systemic
insecticide. It acts on the nervous system of the insects, by disrupting
the function of neurons by interaction with the sodium channel.1
Great efforts are exerted to develop sensitive methods with
low limits of quantiﬁcation to determine residual levels of pes-
ticides. The literature concerning the analysis of malathion and
k-cyhalothrin residues in different matrices showed varying
techniques. Among the various methods of analysis, chromato-
graphic methods (HPLC and GC) have the advantage of sensi-
tivity despite the higher cost of instrumentation and chemicals.
Several schemes have been provided for the extraction of
malathion and k-cyhalothrin from plant materials and for
their clean-up from interfering impurities. Extraction methods
used for either varied from liquid extraction using acetone,3,4
ethyl acetate,5 acetone-ethyl acetate-hexane,6 acetonitrile,7,8
or methylene chloride9,10 were used. Other methods of extrac-
tion include solid phase extraction,11,12 solid phase micro-
extraction,13,14 and supercritical ﬂuid extraction.15
The clean-up step is solid-phase extraction,3,5,6,8,10 gel per-
meation chromatography.6,7
Estimation of the residual amounts of both insecticides is
largely dependent on GC methods using ﬂame photometric
detection,7,9 electron capture detection,5,16,17 nitrogen phos-
phorous detection,5 gas chromatography–mass spectrometry
detection,3,6 gas chromatography–tandem mass spectrometry
detection18 or gas chromatography- quadrupole mass spec-
trometry detection.19,20 HPLC methods are used to a lesser ex-
tent.5,14,21–23 Other techniques have been used such as
titrimetry,24 colorimetry,25,26 ﬂuorimetry,27 thin layer chroma-
tography,28,29 capillary electrophoresis,30 atomic absorption.31
This study was an attempt to follow up dangerous and
widely used pesticide residues in an Egyptian ﬁeld. The objec-
tive of this work is the study of the kinetics of decrease of mal-
athion and k-cyhalothrin residues in treated zucchini.2. Materials and Methods
2.1. Materials and reagents
2.1.1. Solvents and reagents
Acetone, methylene chloride, acetonitrile, and n-hexane were
of HPLC reagent grade (Sigma–Aldrich, Steinheim,
Germany).
2.1.2. Chemicals
Florisil was used for column chromatography (Carlo Erba Co.
Ltd., Milano, Italy), sodium chloride and anhydrous sodium
sulfate (El-Nasr Co., Egypt).
2.1.3. Insecticide standard solution
100 lg/ml of ethyl acetate was from Central Pesticides Labora-
tory, Agricultural Research Center, Ministry of Agriculture,
Cairo, Egypt.
2.1.4. Pesticide technical formulations
Malason/Cormandel 57% EC (emulsiﬁable concentrate) (Cor-
mandel Int. Ltd.India), LAMBDA SUPER FOG 5% liquid[Adwia Co., El-Obour, Egypt), purchased from El-Quorma
shop, Cairo, Egypt.
2.2. Apparatus and chromatography
2.2.1. The gas chromatography unit and data system
Hewlett–Packard series 6890 (Ramsey, MN, USA). A gas
chromatograph programed for external standardization using
the peak area was used.
2.2.2. Column
PAS-1701, 25 m · 0.32 mm, with 0.25 lm ﬁlm thickness (14%
cyanopropyl-phenyl methylpolysiloxane) was used for
malathion.
DB, 30 m · 0.32 mm, with 0.25 lm ﬁlm thickness (5%
phenylmethylsiloxane) was used for k-cyhalothrin.
2.2.3. Operating conditions
Inlet temperature was 240 C for malathion and 280 C for
k-cyhalothrin, and detector temperature was 250 C for mala-
thion and 300 C for k-cyhalothrin. For both insecticides ini-
tial temperature for malathion was 200 C for 2 min, rise
3 C/min and ﬁnal temperature 260 C for oven. For k-cyhal-
othrin, initial temperature was 160 C for 2 min, rise 3 C/min
and ﬁnal temperature 260 C. The carrier gas was nitrogen at a
ﬂow rate of 4 ml/min, with an injection volume of 1 ll and
splitless injection mode.
2.2.4. Detectors
Flame photometric detector (hydrogen 75 ml/min, air 100 ml/
min) for malathion and electron capture detector for k-cyhal-
othrin were used.
2.3. Field experiment
The trial was carried out at Wardan, Giza Governorate,
Egypt. Two ﬁelds were chosen to apply the experiment: for
treatment with malathion and the other for k-cyhalothrin.
Each ﬁeld was subdivided into two areas, one for treatment
with the insecticide and the other for control and recovery
and not treated. The experiment was started on Saturday,
May 21st, 2011. The speciﬁed ﬁelds were treated with the rec-
ommended doses as indicated in the Technical Recommenda-
tions for Agricultural Pests Control, Ministry of Agriculture,
A.R.E. For malathion, a volume of 50 ml of Malason/Cor-
mandel 57% EC was diluted with 20 L of water, and for k-
cyhalothrin, 20 ml of LAMBDA SUPER FOG 5% liquid
was diluted with 20 L of water. The diluted insecticides were
applied on the speciﬁed area with a knapsack sprayer equipped
with a nozzle.
2.4. Sampling and Storage
Sampling was performed by randomly collecting 3 kg of zuc-
chini fruits from each treated area. The collected samples were
representative of all plants in the area. First, clean samples of
zucchini were collected from the control areas, and then treat-
ment of plants started and sampling was started 1 h after appli-
cation of the initial deposits, repeated 1, 3, 5, 8, 11, and 16 days
afterwards to study the dissipation of the insecticides. Field
Figure 1 Chemical structure of malathion and lambda-cyhal-
othrin (k-cyhalothrin).
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laboratory. Each ﬁeld sample was subdivided, chopped using a
food cutter, and then representative subsamples of 50 g were
stored at 20 C until analysis.
2.5. Extraction procedure
Fifty grams of the plant samples was transferred into a stain-
less steel jar blender and homogenized with 150 ml of acetone
for 2 min. The macerate was ﬁltered through a clean cotton
pad into a graduated cylinder. A known volume (100 ml) of
the extract was shaken successively with 100, 50 and 50 ml of
methylene chloride in a separating funnel after adding 10 ml
saturated sodium chloride solution. The combined organic
phases were dried by ﬁltration through anhydrous sodium sul-
fate (activated over night at 105 C). Extract was evaporated
just to dryness using a rotary evaporator operating at 40 C.
2.6. Cleanup procedure
Clean up was carried out using column chromatography on
ﬂorisil using methylene chloride: n-hexane: acetonitrile (50:
48.5: 1.5) as eluting solvent. The residue was dissolved in
10 ml of the eluting solvent, then quantitatively transferred
and ﬁltered through a chromatographic column (2.5 cm i.d.)Figure 2 Chromtogram opacked with a 7 cm layer of ﬂorisil. The column was previously
conditioned with n-hexane before elution process. At the
posterior end of the column, a small piece of glass wool was
put to act as a mechanical support to prevent solid layer from
running with the eluting liquid. Rinsing the residue was re-
peated several times with approximate 5 ml portions of the
eluting solvent, and each washing was added to the column
just before the preceding fraction has completely entered the
column. Elution was continued till a total volume of 200 ml
of the eluting solvent was used at a ﬂow rate of about
1.5 ml min1.
The eluents were collected in a 500 ml rotavap ﬂask and
evaporated under vacuum to dryness using a rotary evaporator
operating at 40 C. The residue was dissolved in 10 ml of ethyl
acetate (GC grade) and poured into a 10 ml-measuring ﬂask
for GC determination (See Fig. 1).
2.7. GC analysis
All GC speciﬁcations and operating conditions are presented
in 2.2. Under these operating conditions the retention time
of malathion was 2.562 min (Fig. 2) and for k-cyhalothrin
was 28.827 min (Fig. 3).
2.8. Recovery assays
Known quantities of malathion and k-cyhalothrin dissolved in
ethyl acetate were added to control samples of zucchini fruits
at fortiﬁcation levels of 0.001, 0.01, 0.1, and 1 ppm. Extraction
(2.5.) and cleanup (2.6.) were carried out. Simultaneous pro-
cessing frequently checked the recovery of the overall method.
2.9. Analysis of random market samples
Random samples were purchased from different markets in
Egypt, namely: El-Obour Market (Cairo-Ismailia desert road),
Dina Farms (Cairo-Alexandria desert road), Matai (Minia
Governorate in Upper Egypt), and Isis (Cairo-Belbeis road).
Isis products are claimed to be organic, i.e., no chemicals such
as pesticides are used in the farm. All these samples were ana-
lyzed using the previously mentioned schemes in 2.5 and 2.6.f standard malathion.
Figure 3 Chromtogram of standard k-cyhalothrin.
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The responses of the detectors to the malathion and k-cyhal-
othrin concentrations were linear, and the correlation coefﬁ-
cient was r= 0.9995 for malathion and 0.9991 for
k-cyhalothrin. Quantitation of malathion and k-cyhalothrin
in samples was performed by comparing the detector response
(area) for the sample to that of the calibration standard.
All collected samples, recovery sample, and market samples
were analyzed using the schemes 2.5 and 2.6 and then quanti-
ﬁed by GC as mentioned in 2.7.3. Results and discussion
3.1. Recovery
Control samples were fortiﬁed at the four levels of 0.001, 0.01,
0.1, and 1, and average recovery percentages from spiked sam-
ples are listed in Table 1. As it is clear from the table, the
recoveries ranged from 88 to 96%.Table 1 Recoveries of malathion and k-cyhalothrin from zucchini
Malathion
1 ppm 0.1 ppm 0.01 ppm 0.001 ppm
96 93 92 89
Table 2 Residues of malathion and k-cyhalothrin in zucchini.
Time (day) Malathion
ppm % loss Log
0 0.25 0 0.6
1 0.09 64 1.0
3 0.02 92 1.6
5 0.003 98.8 2.5
8 n.da n.d.a n.da
11 n.da n.da n.d.a
16 n.da n.da n.da
a n.d not detected.3.2. Residue determination and residue dissipation
Residues of malathion and k-cyhalothrin are listed in Table 2,
the residues decrease with time. Fig. 4 shows this decrease in
case of malathion, while Fig. 5 shows it in k-cyhalothrin. Inter-
pretation of malathion residue results shows that its rate of de-
crease follows a ﬁrst-order kinetics reaction:
R ¼ R0ekt ð1Þ
where R is the residue level on t day after malathion appli-
cation, Ro the residue level at time t= 0, and k is the degrada-
tion rate constant, where k= 0.895 day1. The t1/2 was
0.77 days (18.5 h).
Malathion residues decrease with time and within every
ﬁxed time interval, the decrease is a constant ratio from the
amount already present at the beginning of the interval, i.e.,
the rate of decrease in residues at any time is directly propor-
tional to the amount of the residues at that time, which is the
sign of ﬁrst-order kinetics.32,33
Also there is a linear relationship between log residues of
malathion on zucchini, and time (Table 2 and Figs. 6 and 7).at 4 fortiﬁcation levels.
k-Cyhalothrin
1 ppm 0.1 ppm 0.01 ppm 0.001 ppm
91 90.5 90 88
k-Cyhalothrin
ppm Ln ppm ppm % loss
02 1.386 0.14 0
46 2.408 0.13 7.143
99 3.912 0.08 42.857
23 5.809 0.05 64.286
n.d.a 0.005 96.429
n.da n.da n.da
n.d.a n.d.a n.da
Figure 4 Decrease of malathion residues in zucchini by time.
Figure 5 Log of malathion residues in zucchini versus time.
Figure 6 Ln of malathion residues in zucchini versus time.
Figure 7 Decrease of k-cyhalothrin residues in zucchini by time.
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kinetics.
While k-cyhalothrin decrease rate is found to be zero order
kinetics:
R ¼ R0  kt ð2Þ
Where Rt is residue level at t day after k-cyhalothrin appli-
cation, Ro is residue level at time t= 0, k is degradation rate
constant = 0.017 day1. The t1/2 is found to be 4 days.
k-Cyhalothrin residues decrease by time, amount of k-
cyhalothrin decreased is constant for each time interval andthe relationship between k-cyhalothrin residues and time is lin-
ear which is the sign of zero-order kinetics.32,33
3.3. Analysis of market samples
All the four market samples did not show any residues of
either insecticides under the sensitivity of the method.
4. Discussion
The objective of this study was monitoring residues of mala-
thion and k-cyhalothrin insecticides in zucchini fruits through
a period of time, and predicting the PHI (Pre Harvest Inter-
val) of them for zucchini at the described experimental condi-
tions. Since MRL (Maximum Residue Limit) of malathion is
0.2, its estimated PHI (Pre Harvest Interval) is found to be
0.2 days (5 h). For k-cyhalothrin MRL is 0.05 ppm and the
estimated PHI is found to be 5 days. Different market sam-
ples showed no detectable residues of both insecticides (detec-
tion limits 0.001 ppm), this indicates that these samples had
not been treated with the studied insecticides at all, or that
they had been harvested after longer period from application
than their PHI.5. Conclusions
A capillary gas chromatographic method is described for the
determination of residues of the insecticides malathion and
k-cyhalothrin. The method is useful for quantitative analysis
of real samples. The technique developed for sample extraction
and clean-up was applied to monitor the residues of the stud-
ied insecticides in zucchini. The method is also applicable for
the routine analysis of vegetable samples in simple laboratories
equipped with a capillary gas chromatograph. The estimated
PHI for malathion was 0.5 days while for k-cyhalothrin it
was 5 days.6. Conﬂict of interest
None.
260 H.M. Lofty et al.Acknowledgements
Authors like to express deep thanks to continuous help of Dr.
Islam Noman Nasr, professor of pesticide residue analysis,
(Head of Central Analysis Unit, Central Agricultural Pesticide
Laboratory, Ministry of Agriculture), for supply of pesticide
standards, and giving valuable scientiﬁc background and
important consultancies.
References
1. Tomlin, editor. The pesticide manual. 12th ed. London: British
Crop Protection Council and Royal Society of Chemistry; 2000.
2. ‘‘Lambda-cyhalothrin factsheet’’. National Pesticide Telecommu-
nications Network (Oregon State University and the U.S. Envi-
ronmental Protection Agency). Retrieved 2008-04-15.
3. Stajnbaher D, Zupancic-Kralj L. Multiresidue method for deter-
mination of 90 pesticides in fresh fruits and vegetables using solid-
phase extraction and gas chromatography-mass spectrometry. J
Chromatogr A 2003;1015:185–98.
4. Wang X, Zhao X, Liu X, Li Y, Fu L, Hu J, Huang C.
Homogeneous liquid-liquid extraction combined with gas chro-
matography-electron capture detector for the determination of
three pesticide residues in soil. Anal Chim Acta 2008;620(1–
):162–9.
5. Islam S, Hossain MS, Nahar N, Mosihuzzaman M, Mamun MIR.
Application of high performance liquid chromatography to the
analysis of pesticide residues in eggplants. J Appl Sci
2009;9(5):973–7.
6. Huang Z, Li Y, Chen B, Yao S. Simultaneous determination of
102 pesticide residues in Chinese teas by gas chromatography-mass
spectrometry. J Chromatogr B 2007;853(1–2):154–62.
7. Ueno E, Oshima H, Saito I, Matsumoto H. Multiresidue analysis
of organophosphorous pesticides in vegetables and fruits using
dual-column GC-FPD, -NPD. Shokuhin Eiseigaku Zasshi (J Food
Hyg Soc Japan) 2001;42(6):385–93.
8. Gonzalez-Rodriguez RM, Rial-Otero R, Cancho-Grande B,
Simal-Gandara J. Determination of 23 pesticide residues in leafy
vegetables using gas chromatography-ion trap mass spectrometry
and analyte protectants. J Chromatogr A 2008;1196–1197:100–9.
9. Torres MEH, Gonzalez FJE, Cano MLC, Frias MM, Vidal JLM.
Residues of methamidofos, malathion, and methiocarb in green-
house crops. J Agric Food Chem 2002;50(5):1172–7.
10. Shuling S, Xiaodonga M, Chongjiu L. Rapid multiresidue
determination method for 100 pesticides in vegetables by one
injection using gas chromatography/mass spectrometry with
selective ion storage technology. Anal Lett 2007;40(1):183–97.
11. Garcia-Ruiz C, Alvarez-Llamas G, Puerta A, Blanco E, Sanz-
Medel A, Marina M.L. Enantiomeric separation of organophos-
phorous pesticides by capillary electrophoresis: application of the
determination of malathion in water samples after preconcentra-
tion by ofﬂine solid-phase extraction. Anal Chim Acta
2005;543(1–2):77–83.
12. Chen T, Chen G. Identiﬁcation and quantitation of pyrethroid
pesticide residues in vegetables by solid-phase extraction and
liquid chromatography/electrospray ionization ion trap mass
spectrometry. Rapid Commun Mass Sp 2007;21(12):1848–54.
13. Konstantinos F, Garyfallia D, Nikolaos R, Georgios T, Helen T.
Headspace solid-phase microextraction for the gas chromato-
graphic analysis of organophosphorous insecticides in vegetables.
J AOAC Int 2007;90(6):1677–81.
14. Vazquez PP, Mughari AR, Galera MM. Application of solid-
phase microextraction for determination of pyrethroids in ground-
water using liquid chromatography with post-column photochem-ically induced ﬂuorimetry derivatization and ﬂuorescence
detection. J Chromatogr A 2008;1188(2):61–8.
15. Rissato SR, Galhiane MS, Knoll FRN, Pon BM. Supercritical
ﬂuid extraction for pesticide multiresidue analysis in honey:
determination by gas chromatography with electron capture and
mass spectrometry detection. J Chromatogr A 2004;1048(2):153–9.
16. Ronald E, Hunter J, Riederer AM, Ryan PB. Method for the
determination of organophosphorous and pyrethroid pesticides in
food via gas chromatography with electron-capture and mass
spectrometry detection. J Agric Food Chem 2010;58(3):1396–402.
17. Niewiadowska A, Kiljanek T, Semeniuk S, Zmudzki J. Determi-
nation of pyrethroid residues in meat by gas chromatography with
electron capture detection. Bull Vet Inst Pulawy 2010;54(4):595–9.
18. Walorczyk S. Development of a multiresidue method for the
determination of pesticides in cereals and dry animal feed using
gas chromatography-tandem quadrupole mass spectrometry: II.
Improvement and extension to new analytes. J Chromatogr A
2008;1208(1):202–14.
19. Walorczyk S, Gnusowski B. Fast and sensitive determination of
pesticide residues in vegetables using low-pressure gas chroma-
tography with a triple quadrupole mass spectrometer. J Chroma-
togr A 2006;1128(1–2):236–43.
20. Soler C, James KJ, Pico Y. Capabilities of different liquid
chromatography tandem mass spectrometry systems in determin-
ing pesticide residues in food: Application to estimate their daily
intake. J Chromatogr A 2007;1157(1–2):73–84.
21. Abu-Qare AW, Abou-Donia MB. Simultaneous determination of
malathion, permethrin, DEET (N, N-dimethyl-m-toluamide), and
their metabolites in rat plasma and urine using high performance
liquid chromatography. J Pharm Biomed Anal 2001;26(2):291–9.
22. Ebrahimi M, Eshaghi Z, Samadi F, Bamoharram FF, Hosseini
MS. Rational design of heterpolyacid-based nanosorbent for
hollow ﬁber solid phase microextraction of organophosphorous
residues in hair samples. J Chromatogr A 2012;1225:37–44.
23. Miles CJ, Zhou M. Multiresidue pesticide determinations with a
simple photoconductivity HPLC detector. J. Agric. Food Chem.
1990;38:986–9.
24. Rao PVVP, Seshaiah K, Naidu PR. Determination of malathion
in formulations. J Agric Food Chem 1983;31(6):1370–1.
25. Tiwari N, Asthana A. A catalytic kinetic spectrophotometric
determination of organophosphorous pesticides in vegetable
samples. J Brazilian Chem Soc. 2012;23(2):322–7.
26. Li Y, Cui Z, Li D, Li H. Colorimetric determination of
pyrethroids based on core-shell Ag@SiO2 nanoparticles. Sens
Actuators, B Chem 2011;23(10):878–83.
27. Pavilkic VM, Krinulovic KS, Savic JZ, Ilic MA. Malathion-
induced inhibition of human plasma cholinesterase studied by the
ﬂuorescence spectroscopy method. Russian J Phys Chem A
2008;82(5):870–4.
28. Kumar R, Sharma CB. Separation and identiﬁcation of certain
organophosphorous pesticide residues in vegetables. J Liquid
Chromatogr Relat Technol 1987;10(16):3637–45.
29. Gupta S, Handa SK, Sharma KK. A new spray reagent for the
detection of synthetic pyrethroids containing a nitrile group on
thin-layer plates. Talanta 1998;45(6):1111–4.
30. Kumar A, Malik AK, Pico Y. Sample preparation methods for the
determination of pesticides in foods using CE-UV/MS. Electro-
phoresis 2010;31(13):2115–25.
31. Mendez JH, Blas OJD, Garcia AL. New data concerning the
indirect determination of the insecticide malathion by atomic
absorption spectrophotometry. Microchem J 1988;38(3):355–61.
32. Martin A, Bustamante P, Chun AHC. Physical Pharmacy. 4th ed.;
1993.
33. Houston PaulL, Kinetics Chemical, Dynamics Reaction. 1st
ed. Library of Congress: Cornell University; 1991.
